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ABSTRACT
The Grassland Destabilization Experiment (GDEX) is a landscape scale manipulative
experiment initiated in 2004 in the Nebraska Sandhills to evaluate changes in surface
properties following the abrupt loss of stabilizing vegetation.
The GDEX features five treatments allocated among ten plots of 120 m in diameter
(1.13 ha). The Aggressive Bare Sand protocol included chemical defoliation and subsequent
shallow disking and raking in 2004 to devegetate the plot with periodic physical disturbance
to maintain bare sand. The Long Term Disturbance (Press) protocol includes an initial chemical
defoliation in May 2005 and seasonal spring reapplications, but no physical disturbance.
Short Term Disturbance (Pulse) treatment had chemical defoliation initially in 2005 and
again in 2008; thus, 2006, 2007, and 2009 are “recovery” years. There are two sets of
controls: Grazed and Ungrazed. Eight plots (two replicates of each treatment) located
contiguously within a fence are the focus of our investigation: Ungrazed Control, Pulse,
Press, and Bare Sand. (We excluded the two Grazed Control plots that were located outside
the fence away from the other treatments.)
Erosion pin networks were established in each plot to track net (gain-loss) sand
movement. Remote sensing data were acquired using the AISA Eagle imaging spectrometer
in late June from 2006 through 2009. We tracked the spread of bare sand within and outside of
the treatment plots by thresholding the upper range of values in the green (517 nm), red (666
nm), red edge (713 nm), and near infrared (856 nm) portions of the electromagnetic spectrum.
The average reflectance across the full spectral range of the imagery (396-980 nm) at
the erosion pin locations increased in the Press and Bare Sand treatments from 0.25 in 2006
to 0.30 in 2009; it decreased over the same period in Pulse treatments from 0.19 to 0.17 and
in Ungrazed Controls from 0.17 to 0.14. Increases in the areal extent of bare sand in the
neighborhood of the plots between 2006 and 2009 were an average of 5,742 m2 for Press
treatments and 713 m2 for Bare Sand treatments. Four years elapsed before sustained sand
mobilization occurred. We expect sand in the Bare Sand and Press treatments to continue to
move as long as experimental treatments are maintained.
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INTRODUCTION
Over 30% of the High Plains Aquifer lies under the 58,000 km2 of the Nebraska
Sandhills (Bleed and Flowerday 1998). The stability of this aquifer has socioeconomic
ramifications for Nebraska, a leader in irrigated agriculture, and its neighboring states. The
Sandhills Biocomplexity Project, funded in 2003 by the National Science Foundation, was
launched to study how the interactions of sand, grass, and water contribute to the stability of
the largest dunefield in the Western Hemisphere. The last major Aeolian activity in the
Sandhills took place between 950 and 650 years BP and corresponded to a regional
megadrought (Mason et al., 2004). This area is most appropriate for study due to the regional
scientific interest in the High Plains aquifer and the causal mechanisms that maintain dune
stability in the face of lesser droughts and other surface disturbances (Gosselin et al., 2006).
In this paper we characterize spectral responses to surface disturbances of the eight
plots over a four-year period. The first objective is to present the changes in spectral response
across a 580 nm range. Bare sand is far more reflective than photosynthetic tissue; thus, we
used increases in reflectance in four distinct narrow (9.5 nm) spectral bands as measures of
vegetative cover loss. The second objective includes three measurements: (1) the area of bare
sand as a function of time and treatment; (2) the areal extent of post-treatment vegetative
regrowth; and (3) the increase of bare sand area outside the original treatment plots due sand
movement. This third measurement captures the phenomenon of blowout: surface
destabilization that allows for windborne sand to leave the original plot and spread into the
adjacent area, generally in the direction of the prevailing winds. Winds of the Great Plains
are often strong enough to mobilize bare dune sand; vegetation density is the key hindrance
to dune mobility, and vegetation density depends on moisture (Miao et al., 2007).

DATA AND METHODS
Image time series
Fly-overs of the GDEX were performed by the CHAMP (CALMIT Hyperspectral
Aerial Mapping Program; http://www.calmit.unl.edu/champ) at the University of NebraskaLincoln during the last week of June 2006-2009 (Table 1). Acquisitions were timed to
capture the peak canopy greenness (though not the peak aboveground biomass), but the
actual date of acquisition was constrained by sensor availability and recent weather. The
AISA Eagle+ imaging spectroradiometer provided 63 bands between 400-980nm. Radiance
measurements were geolocated and converted to reflectance by the CHAMP using the
FLAASH software.
Table 1: Image Dates and Climatological Context
Year

Date

Day of Year

AGDD (oC)

APPT (mm)

2006
2007
2008
2009

26 June
30 June
30 June
29 June

177
181
182
180

1594
1594
1275
1409

242
391
299
245
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Monitoring sites
Erosion pin networks had been established by other GDEX researchers to track net
(gain-loss) sand movement. A geolocated network was established within each treatment plot
for a total of 364 graduated pieces of aluminum conduit emplaced across the eight plots. We
used these locations to monitor variations in surface reflectance over the four-year period,
but we did not analyze here the corresponding erosion data.

Meteorological data
Daily precipitation and temperature data were obtained for the Barta Brothers Ranch
automated station maintained by the High Plains Regional Climate Center (hprcc.unl.edu).
We calculated accumulated growing degree days (AGDD) from 01 January of each year
using a base temperature of 0 oC (=273.15 K) following de Beurs and Henebry (2004). We
calculated the accumulated precipitation as the running sum of daily precipitation.

Masking high reflectance
We identified areas of bare sand within and adjacent to the treatment plots by masking
out those data that fell below a critical threshold. Due to interannual climatic variability
(Table 1), we chose the optimal threshold for each band for each year rather than selecting a
general threshold across years. Masks were generated at four wavelengths, each representing
a narrow slice of the electromagnetic spectrum useful for vegetation analysis: green (517
nm), red (666 nm), red edge (713 nm), near infrared or NIR (856 nm). Reflectance from
healthy vegetation in the visible wavelengths (400-680 nm) is generally highest in green and
lowest in red. Red light is strongly absorbed by green vegetation for use in photosynthesis,
but strongly reflected by bare sand; thus, a temporal trend of increasing red reflectance
indicates decreasing vegetative cover. The red edge in vegetation spectra spans roughly 700720nm covering the transition from the low reflectance/high absorption of the red to the high
reflectance/low absorption of the NIR. Measurements in this transition are good indicators of
photosynthetic activity and overall vegetation health (Gitelson et al., 1995). NIR covers
approximately 750-1000nm and is useful for distinguishing healthy from distressed vegetation.
Using the ENVI package (v4.6; ITTVIS 2009), we contrasted the boundaries of original
120m diameter plots as blue against the black and white mask images. This technique
allowed us to discern at a glance the original plots outlined in color, bare sand in white, and
vegetated areas in black (Figure 1). ENVI’s Region of Interest (ROI) tool was then used to
determine the number of white (bare sand) pixels and thus the areal extent of bare sand. We
also determined area of blowouts, where the bare sand has mobilized and been deposited
beyond the extent of the original plot. Overall area can differ from original size plus blowout;
some plots show regrowth depending on treatment type.
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Figure 1. High reflectance mask in green (513-522 nm) for 2009. Numbers indicate plot
designations: Press treatment in 1 & 8; Bare Sand in 5 & 7.

RESULTS
Spectral Response Changes
The average Green reflectance at erosion pin locations increased in Press and Bare
Sand treatments by 0.05 between 2006 and 2009, while Pulse and Ungrazed Control plots
decreased 0.02 (Figure 2A). For Red, Press and Bare Sand showed an increase of 0.09, while
Pulse and Ungrazed Control decreased 0.04 (Figure 2B). For Red Edge, Press and Bare
Sand plots increased 0.08, while Pulse and Ungrazed Control decreased 0.02 (Figure 2C).
The average NIR reflectance in Press and Bare Sand plots increased by 0.06, but Pulse
and Ungrazed Control remained constant (Figure 2D). Analysis of the entire spectral range
showed a reflectance value of 0.25 in 2006 increasing to 0.30 in 2009 in Press and Bare
Sand plots. It decreased over the same period in Pulse and Ungrazed Control treatments by
0.03 (Figure 3).
Note the decrease in reflectance in 2007 that is consistent across treatments (Figure 3).
This decrease reflectance indicates increased vegetative cover, which is attributed to plentiful
precipitation (391 mm in 2007 vs. the 289 mm average for 30 June for 2000-2009).
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Figure 2: Average plot reflectance by band: (A) Green (513–522 nm); (B) Red (671–680
nm); (C) Red Edge (709–718 nm); (D) NIR (852–861 nm).
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Figure 3. Average plot reflectance ordered by intensity. The hierarchical x-axis displays
year of acquisition (200x), plot designation, and plot treatment.

Areal Changes
The original area of each treatment plot as established in 2004 was 11,300 m2. Table 2
shows bare sand area detected by all four bands in 2009. Pulse and Ungrazed Control plots
exhibited no bare sand area in all four bands in 2009. Total area of Press plots decreased at
an average of 4,298 m2 per plot; whereas, the exposed area of Bare Sand plots increased by
an average of 623 m2.
Table 2: Total Bare Sand Area in 2009
Plot & Treatment

Bare Sand Area (m2)

1 (Press)
5 (Bare Sand)
7 (Bare Sand)
8 (Press)

7,056
12,004
11,842
6,948

Plots 5 and 7 (both Bare Sand treatments) were the only plots to feature blowout detected
in all four bands, totaling 2,527 m2 and 1,814 m2 respectively. No identifiable blowouts
were evident in Pulse or Ungrazed Control plots. Rather, the Pulse plots were almost entirely
revegetated and the Ungrazed Control plots never exhibited bare sand patches.
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The occurrence of blowout depended on treatment and site history. Plot 5 (Bare Sand
treatment), which was constructed on an existing blowout, showed sand movement before
four years had elapsed. In contrast, Plot 7 (also Bare Sand treatment) showed little
movement before the fourth year. Plots 1 and 8, both Press treatments also showed divergent
blowout results, perhaps due to local terrain differences. In each spectral subset, Plot 8
showed roughly four times the blowout area of Plot 1.

Figure 4: Changes in bare sand area and blowout area: (A) Green (513 – 522nm); (B) Red
(671 – 680nm); (C) Red Edge (709 – 718nm); and (D) NIR (852 – 861nm). Solid lines
indicate bare sand area and dashed lines indicate area of blowout. Dashed tan line shows
original 11300 m2 plot size in 2004.

DISCUSSION & CONCLUSION
Plot reflectance relates to plot treatment; the differences being most prevalently
exhibited by results in NIR. Bare Sand plots demonstrate divergence in reflectance through
2008 followed by convergence in 2009. In nearly all bands/years, plot order of reflectance
remained constant, Bare Sand and Press plots ordering first and second. Peculiar is the
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behavior of Pulse plots reflectances in the NIR band in 2009. After having reflectance lower
than even the Control plots in 2008, in 2009 the Pulse plots pass the Control plots and
produce reflectance values closer to those of Press and Bare Sand plots in any other
band/year combination. All bands show decreased reflectance in 2007. This may result from
above average rainfall. Press and Bare Sand values were nearly identical, as were those of
Pulse and Control plots. It is unclear if the high precipitation that caused lower reflectances
in 2007 had a similar effect on 2008 data or whether it was due to lower evapotranspiration
caused by a cooler spring (Table 1). Another possible explanation is differences in the AISA
sensor setup or processing.
Press plots (repeated herbicide applications but no physical disturbance) exhibit the
sharpest gains in overall area, yet show substantial revegetation beginning in 2008 with no
increase in 2009. Bare Sand plots (initial herbicide plus periodic disking and raking) tended
to vary less but did not regain the same area or blowout values after the wet year of 2007
until 2009. All plots showed areal decreases in 2008 in the red, red edge, and NIR bands.
However, all plots in the green band showed areal increase. This is explained by the presence
of prairie grass, which reflects relatively more in the green wavelengths than it does in red,
red edge or NIR.
Overall plot area in 2007 generally decreased for Bare Sand plots while it increased for
Press plots. This trend also holds true for corresponding blowout values. Increased moisture
was unable to impact the original plot areas but did substantially reduce blowout, leading to
lower total area values for Bare Sand plots, which feature more blowout area.
Another AISA Eagle+ acquisition is schedule for June 2010. However, there has been a
change in the GDEX protocol. Plots 5 and 7, formerly Bare Sand treatments are being
purposely revegetated to study the stabilization process. During the first half of 2010 Plot 7 is
being planted with woody vegetation while Plot 5 is being seeded with grasses and forbs.
Thus, as the GDEX morphs into GREX, we will be able to track the progress of the
restabilization using the techniques described above.
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